Abstract-the article considers the major operational circumstances of the design of sensors of electromagnetic fields, namely the difference in dielectric constant of the sensor body and its surrounding environment. Investigations have shown that the dielectric constant of the sensor substrate is critical to its sensitivity. The conditions close to the actual circumstances of operation are introduced as a result of measurement of significant errors. It is important to take into account the correcting coefficient for the dielectric constant of the material of the sensor body and its influence on the result of the measurement. It is why, by designing real measuring systems, the performance of the sensor application is important, in order to provide the best metrological characteristics with a wide range of measurements of projected invariant sensors. The results of the study show the necessity of observing the equality of dielectric permeability of the material of the sensor body and the environment surrounding it, and also fulfillment of the condition of selection of the angular dimensions of the sensor elements of the sensor from the range of 45°° to 62° the greater the difference of dielectric permeability of the material of the sensor body and the medium, the greater the angular size Keywords-electrometric measurement, invariant sensor, intensity of electromagnetic fields, operational circumstances.
I. INTRODUCTION
The spectrum of application of the high-precision measuring transducers with the sensors of the electromagnetic fields is constantly expanded. Measurement of parameters of electromagnetic fields (EMF) remains an important task of electrometric measurements at each stage of production in the oil and gas industry. Improvement of methods and methods of measurement, as well as design and metrological characteristics of devices, fixing parameters of fields becomes a problem part of the vital activity of society.
It is why, when designing the sensors of EMF, it is necessary to take into account all more different operating conditions of sensors and to be oriented to universality of application of measuring devices under consideration of operating conditions. Despite of the large number of technical solutions of EMF distortion meters, most of them are intended for examination of characteristics of fields in air medium [1] or in fields with dielectric barrier [2] . And only a small portion represent sensors capable of functioning in different environments [3] (including a sea [4] ) however, there is no explanation in the adjustment of the dielectric constant of the external environment and the sensor housing. In [5] , electromagnetic measurements are described in media with dielectric constant not equal to unity, however, there is only a mention of the need to take into account this difference. In the development of the sensors of EMF more frequently, the body [6] on which sensitive elements are placed is set, it is taken as air medium or vacuum, which is practically impossible under real operating conditions. A wide variety of devices for measuring EMF are not taking into account operating conditions of operation of sensors which are constantly changing, and therefore there is an important task of taking into account the influencing parameters on the operating characteristics of the operation and the result of the measurement.
II. FORMULATION OF THE PROBLEM
The versatility of the external application of the sensor is intended to take account of such influencing parameters as: the source of EMF, the design features, the procedure of measurement, the operating conditions, etc..
The requirements for the primary measurement transducers as well as the approved types of measurements of the "Federal information fund by providing a single measurement" [7] are given preference to invariant sensors. The primary measuring transducers (sensors) of the parameters of the EMF invariant to its direction and having improved metrological and operational characteristics become an important task in designing.
In analysis of manufactured, designed and hypothetical devices with EMF sensors under different operating circumstances, it is observed that there is no correction for difference of dielectric constant, therefore, the determination of dependence on the dielectric constant of the sensor body and the measured medium influencing the measurement of the parameters of the electromagnetic field is an urgent task. In connection with the fact that in real operating conditions of
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sensors the dielectric constant inside the sensor body and the measured medium may differ, therefore, it is important to consider this feature and, accordingly, the requirements for correcting the base component of the mathematical equation as an additional factor are reasonable and necessary.
III. THEORY

A. Electrode system of two hollow spherical segments
Consider a system of two hollow spherical segments ( fig.1) . The values of the charges induced on the sensor elements of the sensor are formed by an external homogeneous field and, in general, [8], [9] , [10] , is defined by formula:
Charges of electrodes on sensitive elements S' 1 и S' 2 are located diametrically opposite on spherical body, based on basic mathematical rules [11] , formulas for charges of differential sensitive electrodes Q1 and Q2 are obtained:
where r=a -radius of the first electrode, r=b -radius of the second electrode in the system of paired electrodes, f 1 (t) and f 2 (t) -paired integral equations obtained by taking into account the boundary conditions of the airship and solving the boundary problems, in different operating conditions, different.
B. Structural features of invariant sensor of EMF intensity
Intensity of EMF is vector value characterizing both modulus and direction. Therefore, sensors invariant to the direction of the intensity vector of the EMF are needed for the measurement thereof. In this connection, the intensity sensors must sense the three components of the intensity vector of the EMF. Thus, the sensor design should combine three sensors arranged in three coordinate axes. The most suitable shape of the sensor substrate may be a spherical or spherical shape, on the surface of which it is necessary to position sensitive electrodes on three coordinate axes. The sensor substrate may be semiconductor or dielectric. In the first case the sensor will have a closed system of electrodes, in the second case the sensor will be open. The open system of the sensor electrodes makes it possible to introduce less distortion in the EMF, hence the sensor will have less error than in the case of a conductive base. Therefore, this operation will consider a sensor with an open system of electrodes based on a dielectric of spherical shape, on the surface of which in three coordinate axes there are located diametrically opposite sensitive electrodes of spherical shape.
C. Multi-component sensor of electric field intensity
The multi-component sensor of the intensity of the electric field is a double three-coordinate sensor, having two pairs of 
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diametrically opposite electrodes arranged along three coordinate axes x, y and z electrodes of sensor are parts of spherical surface in the form of spherical segment with angular size θ 01 .
Coordinate axes of pairs of spherical segments pass through centre of dielectric ball with dielectric constant ε 1 , differing from the dielectric constant of the medium ε 2 , in which the sensor is placed. Next, investigation of the effect of the difference of dielectric permeability of the material of the sensor body and the medium on the result of the measurement, and therefore on the error, will be conducted.
D. Integral equations
The calculation of the parameters of the sensitive elements of the sensors is calculated under the condition that the dielectric constant of the ε i is practically no different from the dielectric constant of the ε e of the medium. If the difference is essential, its readings will be different from true values of the measured value. The degree of this difference can be estimated from the calculation results, namely in determining the sensor parameters ( fig. 3b ) with electrodes in the form of hollow spherical segments of radius R S , within which a sphere of radius R is located, having a dielectric constant ε 1 , the segments are fixed on dielectric pins having the same relative dielectric constant ε 2 as the surrounding space.
In development of mathematical model of functioning in environments with different dielectric permeability, coefficient is introduced:
The integral equations will generally look as follows:
Similarly, for the opposite spherical electrode of the integral equation in general
Core of integral equations (2) and (3) for :
( fig. 3b ).
IV. RESULTS OF EXPERIMENTS
The mathematical model of interaction of the sensor with the electric field was made on the theoretical positions presented in the mathematical editor of MathCAD. The mathematical model is based on the system of equations and 
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(6), as well as coefficient μ taking into account relations of dielectric permeability of sensor body and its surrounding medium. Mathematical model allowed to establish dependence of normalized energy value in unit volume of sensor from geometric sizes of its spherical segments (θ 01 и θ 02 ) at different ratios of dielectric permeability of sensor body and environment expressed by factor μ (4) a graph of this relationship is presented in figure 4 . The graph shows a pronounced maximum of energy per unit volume of the sensor for certain sizes of its spherical segments (θ 01 и θ 02 ) at constant values μ. From the graph it can be seen that maximum energy per unit volume of sensor is observed at angular dimensions of sensitive electrodes 45°<θ 1 <62°, the highest energy will be at μ =1, that is, when dielectric constants of sensor housing and its surrounding medium are equal. In this case, the sensor will have a minimum error and a maximum sensitivity. Error of calculation results does not exceed 0.1%.
V. DISCUSSION OF RESULTS
Under real conditions of measurements the dielectric constant of the medium differs from the dielectric constant of the material of the sensor body. Therefore, this fact is important to take into account when selecting the material of the sensor housing. The mathematical simulation conducted in this connection gave positive results. The apparent maxima of the functional dependence of the energy in the unit volume of the sensor from the dimensions of its sensitive electrodes are revealed, and the main dependence of the ratios of dielectric permeability of the material of the sensor body and the surrounding medium. This results are obtained for the first time and are interesting in that it allows the material of the sensor housing to be appropriately selected, providing maximum energy of perception by information about intensity of electric field, and optimal dimensions of sensitive electrodes.
Under real conditions of measurements the dielectric constant of the medium differs from the dielectric constant of the sensor substrate, it is therefore important to take into account the correcting coefficient for the dielectric constant of the material of the sensor substrate and its influence on the result of measurement of true values of electric values.
VI. CONCLUSIONS
Investigations have shown that the dielectric constant of the material of the sensor housing is critical to its sensitivity. The choice of material of the sensor housing determines the size of its sensitive elements electrodes. The greater the dielectric constant of the material of the sensor housing, the greater the angular size of the sensitive electrode. For 1<μ<10 the angular size of the sensor electrode should be chosen from the range of 45°<θ 1 <62°. Since sensitive electrodes of the sensor of such angular dimensions are chosen, it is not possible to locate on the surface of the ball without application the further investigations will be aimed at providing such a possibility.
